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General Observations:

@ Perhaps the single most limiting factor for dissemination a
modern spatial statistical procedures is the limited
availability of statistical software.

@ Writing of statistical software involves the following
trade-off:

m Ease of use
m Flexibility

2
Outline: Review software for three areas of spatial Geostatistics
statistics. South Florida Ecosystem Assessment.
1. Geostatistics. Sample Sites Predicted Total Mercury
2. Spatial Point Patterns.
3. Lattice Data.
4
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Geostatistical Software:

® SAS
® Surfer
® ArcGISG

eostatistical Analyst

@ S+SpatialStats

® R

SAS: Variogram Model Fitting
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SAS: REML Estimation of Variogram Model Parameters
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RENL Estimation of Variogran Paraneters T0C Data
09:36 Friday, F

The Mixed Procedure

Covariance Parameter Estinates

Cov Parm  Subject. Estinate
SP(EXP) Intercept  10.5939
Res idual 62.0973

Fit Statistics

-2 Res Log Likelihood 688.5
AIC (smaller is better) 692.5
AICC (snaller is better) 692.6
BIC (smaller is better) 697.8

PARMS Model Likel ihood Ratic Test
DF  Chi-Square Pr > ChiSq
1 6.77 0.0093

Solution for Fixed Effects
Standard
Effect Estinate Error

Intercept  24.9400 1.9531 o 12.77

title "REML Ectimation cf Variogrem Paraweters TOC Dara”;
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DF  tUslue Pr> it}

Edata toc;
irfile Me:/projects/usgs/tee. te';
irpuc ¥ y depth toe:
run;

Eproc mixed;

wedel toc=/zolution,
parms (57.3) [11.0!
repestsd / subject=intercert tyressp(exp] (x g);
run;

I
& Fesits 2 Explrer | B cupe- s,

[ B tso- (s i) SRAPHI WORKS5E6 G

B

SAS: Kriging
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03:36 Friday, February 3, 2006

Obs  LABEL UARNAE  GNC  GYC  NPOINTS ESTIHATE  STOERR
1 PrediModell  toc 1650 108 248756 8.1033¢
2 Predl Modell  toc 1650 105 24.3898  8.01395
3 Predl Modell  toc 1650 108 2411467  £.93456
4 PrediModell  toc 1650 105 23.7410  7.61628
5 Predl Modell  toc 1650 108 2914311 7.p4524
6 Predl Modell  toc 1650 105 243745 7.93064
7 Predl Modell  toc 1650 108 2510562 8.0500C
8 Predl Modell  toc 1650 105 24.9987  8.10968
Predl Modell  toc 1675 108 24.2376  8.00554

10 I Mode 1 toc 1675 105 25,4712 7.43206
11 PrediModell  toc 1675 106 19045 4.79207
12 Predi Modell  toc 1675 108 236778 4.53158
13 Predl Hodell  toc 1675 105 195186 5.75355
14 Predi Modell  toc 1675 108 29.5225 4. 87222
15 PredlHodell  toc 1675 108 25,6304 7.6735¢
16 Predi Modell  toc 1675 108 253567 8.08229
17 PredlHodell  toc 1700 108 22,5504 7.62100
18 Predi Modell  toc 1700 108 181100 627685
19 PrediModell  toc 1700 106 33,4446 4.20674
20 Predi Modell  toc 1700 108 22.6821  4.3460
21 PrediModell  toc 1700 106 20,7628 4.65%4;
2 PrediModell  toc 1700 105 247758 4.14294
23 PrediModell  toc 1700 106 24,9732 6.84285
2 Predi Modell  toc 1700 105 29.2469  7.75484
25 PrediModell  toc 1725 108 236635  7.83955
2 Predl Modell  toc 1725 108 21,1388 6.34487
27 Predl Modell  toc 1725 105 245021 7.83314
8 011 toe 1 105 26,4173 7.5552€
2 odell  toc 1725 105 26,6542 7.2567

"Eriging 10C Dsra”;

Edata tos;
infile "c:/prejects/usys/t0z.cxt";
inprt x y depth tac;
run;

Elproc krige2d outest=tochar;
pradiet varsce;
wodel nugget=0 seale=62.0973 ranye=10.5930 formsexp:
gric x=1650 tc 1725 by 25 y=-1675 to -1500 Ly 25;
cosrdinates xe=x ye=y;

Sproc print;
run;
& Feas 2 Exporer | Boume-wumeg | Elig-prne < 5RaPHL WORK 5566 6., | [Pltoc2.sas* [P eocases
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Comments: SAS Geostatistics
@ SAS is not menu driven. Analysis is carried out by writing
SAS programs in the SAS editor.
m For those who have experience with SAS, the
geostatistical procedures are easy to apply.
m Harder to use than menu-driven software.
@ SAS has procedures for:
m [sotropic and anisotropic variogram estimation (proc
variog);
m Variogram model fitting:
» Weighted Least Squares (proc nlin);
» Maximum Likelihood and REML (proc mixed).
m Ordinary Kriging (proc krige2d).
m Universal Kriging (proc mixed).
m  Generalized Mixed Models (proc glimmix).
@ Limitations:
m Limited choice of variogram models.
m Cannot draw good contour maps.

Surfer
http://www.goldensoftware.com/
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Comments: Surfer
@® Menu Driven
@ Surfer has procedures for:
m Variogram Estimation;
m Least Squares Estimation of Variogram Model
Parameters
m  Wide Variety of Variogram Models: exponential,
Gaussian, linear, log, power, quadratic, rational
quadratic, spherical, wave, pentaspherical, cubic.
m Ordinary Kriging
m Excellent mapping capabilities: contour maps; 3D
surface maps; wireframe maps; vector maps; shaded
relief maps.
@® Limitations:
m Cannot fit Matern variogram;
m  Universal kriging not available.

11

ArcGIS Geostatistical Analyst

http://www.esri.com/software/arcgis/extensions/geostatistical/index
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Comments: ArcGIS Geostatistical Analyst

@® Menu Driven

@ Geostatistical Analyst has procedures for:
m [sotropic and anisotropic variogram estimation;
m Least squares estimation of variogram parameters;
m  Wide variety of variogram models: circular, spherical,
tetraspherical, pentaspherical, exponential, Gaussian,
rational quadratic, hole effect, k-bessel, stable.

m Variety of kriging methods:

Ordinary kriging
Universal kriging

vvyywyy

Indicator kriging (Binary Variables)
Disjunctive kriging (Nonliner Geostatistics)

» Cokriging (Multivariate Geostatistics)
m Crossvalidation for model diagnostics.
@ Limitation: Expensive ($2,500 for Geostatistical Analyst,

Definition: Crossvalidation.

@® Remove the data at site s; from the data set;
m Use the remaining data to obtain the kriging predictor

Z_i(s;) of the data at site s;

m Compute the corresponding kriging variance ¢2,(s;)

@ Repeat the above procedure for all sites.

@ Compare observed values Z(s;) with predicted values Z_;(s;)

m Bias Measure

_ N[ 260 -Zisi)
CV1 ~n ;{ G—i(si)
m  Uncertainty Assessment
n ~ 2
1 Z(si) — Z-i(si)
CVZ “n ;{ O-—i(si)

For a valid model, we should have

$1,500 for ArcView 9.1
’ ) CV,=z0andCV, =1
13 14
S+SPATIALSTATS S+SPATIALSTATS
http://www.insightful.com/products/spatial/default.asp Ordinary Kriging Universal Kriging
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Comments: S+SPATIALSTATS
@® Menu Driven
@® S+SPATIALSTATS has procedures for:
m Isotropic and Anisotropic Variogram Estimation

m Least Squares Estimation of Variogram Parameters

(Weighted least squares with some work)

m Limited variogram models: Spherical, exponential,

Gaussian
m Ordinary and Universal Kriging
m  Good quality contour maps
@ Software has not been kept up to date.
m Effort has been made to improve user interface.

m No effort has been made to include modern methods.

R
http://www.r-project.org/

Geostatistical Packages
@ geoR http://www.est.ufpr.br/geoR/

Frequentist and Bayesian geostatistics.
@® geoRglm http://www.daimi.au.dk/~olefc/geoRglm/

Geostatistics for counts data. Poisson and binomial models.
@ fields http://www.image.ucar.edu/GSP/Software/Fields/

Best for global data. Includes great circle distance.

@ gstat http://www.gstat.org/

@® RandomFields
http://www?2.hsu-hh.de/schlath/R/RandomFields/RandomFields_doc.

Spatial simulation.

| =loixl
fie Hios Resbe indons Ele Hstory Resize Windows
=g EEm
EEEESSsss _iofx]= - e p
o3ects/usgs ton. X", ccl  navee=e (L, MY, *Depth?, PTCCP] E! —expand.grid(seq (1658, 1726, 1=69) , seq(-1661, -1508, 1=154) )
> to ~£0CHTOC, 106=t0c . GE 1d, KE1ge=KE1ge . COntrol (0b) . Metoc . exp. I i
T —— Krige.conv: model vith constant mean
The folloving chject(s) are masked from package:utils : .
Predicted TOC
aaca
b e =
O — \ g
> pa £="n") 26 —
Smage (ro B _gria,col=terrain.colors(16), breaks=seq(12,44, 1=17) , x1ah=" 7, ylah=" ", axes=F,1
(il The following ohject (s) are masked from package:stats :
predict
Variogram for TOC
The following object(s) are wasked from package:base :
call message
> contour (tc. krige, loc=toe. grid, Levela=seq (12, 44, by=2) , add=T)
o
% The following cbject (s) are masked from package:stata :
/r preater
S e
ST e e The following cbject(s) are masked from packageibase :
call message
> title("Predicted TOC")
>1
5]
T T T T
20 2 60 30
cistance .| I ————

198




Comments: R Lattice Data
@ Public domain software; Sudden Infant Death Rates in North Carolina
@ Packages contributed by statistical researchers keep the
software up to date;
@® Command driven and interactive;
@® GeoR has procedures for:
m Variogram estimation;
m Least squares, weighted least squares, REML estimation
of variogram parameters;
m Bayesian inference for model parameters;
m Diverse variety of variogram models including the
Matérn class;

m Ordinary, universal and Bayesian kriging. I o 00000-0.00084
@ GeoRglm has procedures for binomial and Poisson models T oo
for counts data; [ 0.00207-0.00297
. R . . . . . I 0.00298- 0.00955
@ Ficlds includes great circle distance for investigating global
data;

Limitation: Not well documented.

21
Lattice Model Software S+SPATIALSTATS
® S+SPATIALSTATS Lattice Models
@® BUGS Moran’s Index CAR Model
@ R package: spdep Spalial opossion M
Mo | Rewts |
Data Spatial Structure
Data Set. sids v| CovType CAR ¥
Weights: »| | Neighbor Object: |[sids.neighbor =
Subset Rows with: -4 Parameters: ights=1/sidsSbirth
[V Omit Rows with Missing Values Save Model Object
Spalial Corelations HEE| Saveds: sids. s
Data Spatial Structure: .
Data Set [ids 7] HeitborObiect [icsrhb3l -] VLS
Variables: bitths. <] - Dptions Dk st -
;:-ﬁnplhs Statistic: matan - Independent ;I\?lhs =
ﬁ:gnm_y; —| | Samplng Type:  [nanfree - nwbiths J
Nurm Peimute: ITEIJ— ?l’dmljlD =
;:i W Fomula: |s|dvll"nwbilhs.ll
W Pint Resuls ezl
Cancel | Apply J_ curent Heln Cancel | Apply | K >’~1ulZ Help
23
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Comments: S+SPATIALSTATS
@® Menu Driven
@® S+SPATIALSTATS has procedures for:

Defining neighborhood matrices

Defining spatial weights matrices

Computing Moran’s I

Fitting spatial regression models:
» Conditional AutoRegressive
» Simultaneous AutoRegressive
» Moving Average

25

GeoBUGS
http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/geobugs.shtml

mean SMRhat D (29)< 1000
D (12) 1000- 2000
N
(]V D (9) 2000- 3000
i (4) 3000- 4000
. (2)>= 4000

200.0km
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Comments: GeoBUGS

@ Public domain software;
@ Bayesian inference for lattice models:

CAR models
Poisson and binomial models with spatially dependent
random effects.

@ Data interface can use some work.

27

Spatial Point Pattern
California Earthquakes

28
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Point Pattern Software: S+SPATIALSTATS

® S+SPATIALSTATS K-Function Nonparametric Intensity
. R Spatial Randomness [_[]x]
Data Khat/Lhat Options
o — 1 e L.
Location 1: % M Data Pots
Location 2: v o Data Set: lansing +| ¥ Contour Plot
Subset Rows with: |species=="maple" Location 1: % v| ¥ Filled Contour Plot
[V Omit Rows with Missing Values Location 2 ly v| [ Suface Plot
Plots Subset Rows with: species=="maple" Plot Options
v Ehat Saved Resuls ¥ OmiRows withMissngVaes | | Inckide Boits
v Ghat Saven: Intensty Optons Results :
I Knat I Fhat Method g L freplaivt
I Lha I ot Nurber of Bins 1 i flterityiomai
" Khat Nurnber of Bins 2:
r I;hag Smoothing Param: 0.25

Cancel |  Apply J_ curent Help i]% K l curent ﬂl

29 30
Comments: S+SPATIALSTATS R: Point Pattern Packages:
@® Menu Driven; @ spastat http://www.spatstat.org/
@® S+SPATIALSTATS has procedures for: Analysis of spatial point patterns.
m Computing F-, G- and K-functions; @ splancs http://www.maths.lancs.ac.uk/~rowlings/Splancs/

m Testing complete spatial randomness;
m  Nonparametric estimation of the intensity function;
m Fitting the point cluster process model.

Analysis of spatial and spatiotemporal point pattersn.
@® MarkedPointProcess
http://www?2.hsu-hh.de/schlath/schlather.html#Software

Analysis of marked point patterns.

31 32
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R: spastat

fie Edt Msc Backages Windows Help

EEEEEREE
: 5

spatstat 1.8-5
Type "help(spatstat)” for information
> load("C:/Projects/USGS/pattern.RData”)

> 1s()

[1] "clust” "esr” "kelust” "kpoi”

[5] "kreg" "lambda.csr”  "lolust” "lestn

[9] "lhat.csr™ "lhat.sim.clust” "lhat.sim.csc” "lhat.sim.reg"
[13] "lreg” pit "rn "reg”

[17] Muclust" g "zero”

> longleaf<-read.table("c:/classes/spastat/spp/ longleaf.txt”,col. nawes=c ("x", "y", "dbh") )
> window<-owin (xrange=c (0,200}, yrange=c (0,200))

> coords<-as.matrix(longleaf[,c(1:2)])

> pines<-as.ppp (coords, window)

> pines.khat<-Kest (pines,correction="Ripley")

> 1hat<-sqrt (pines.khat§iso/pi)-pines.khatir ©
> lambda<-nrow(longleaf) /area.owin (vwindow)
> lhat.sim<-1hat.csr (399, lanbda, window)

> lhat<-lhat[1:200]

> dist<-pines.khat§r[1:200] Al
> plot (dist, Lhat, yLin=c(-Z, 6] ,xlab="r", ylah="L (r) "]

> lines(dist, lhat.sindlsin$lover, lty=2)

> lines(dist, lhat.sin§lsinfupper, lty=2)

- R Graphics: Device 2 (ACFIVE)

Longleaf Pines, L-function

E w4
> lines(dist,zero, lty=1) - o
> title("Longleaf Pines, L-function") °
>1 = 4o
o 4
i} 1y =

!

| |
IEZ.Z.I-Angmg;denv‘lmm 4|

33

Comments: R
@ Public domain software;
@ Packages contributed by statistical researchers keep the
software up to date;
@® Command driven and interactive;
@ Spastat has procedures for:
m  Computing F-, G- and K-functions;
Testing complete spatial randomness;
Fitting the point cluster process model;
Simulating a variety of point process models;
Estimating parameters of modulated Poisson process
model (covariates must be observed at all locations).

34

General Summary
@ ArcGIS Geostatistical Analyst:
m Menu driven;
m A comprehensive collection of geostatistical methods;
m Expensive.
® R:
m Up-to-date methods for geostatistical and point pattern
analyses;
m Public domain;
m Command driven and interactive.
@® S+SPATIALSTATS:
m Best for analysis of lattice data;
= Menu driven.
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